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Longitudinal dynamics of seston concentration and composition
in a lake outlet stream

YVONNE VADEBONCOEUR1
Division of Biological Sciences, University of Montana, Missoula, Montana 59812 USA
Abstract. Concentrations of suspended particulate organic carbon (POC), dissolved organic carbon, bacteria, and chlorophyll a were measured in a lake outlet in western Montana, USA. Seven
sites within the first 3 km downstream from the lake were sampled over 14 mo. Downstream change

in concentration of each variable was tested for fit to a power function (C = aDb). Downstream
changes in POC, bacteria, and chlorophyll a, sometimes fit a power function, and the value of the
exponent b was positively correlated with discharge. At low discharge, a downstream decline in
lake algae was accompanied by an increase in stream algae. At high discharge, concentrations of

lake algae did not change downstream, and some stream algae increased. These patterns suggest
that although initial concentrations of suspended organic carbon (seston) are determined by the
lake, within a short distance, concentrations become regulated by stream processes. As discharge
increases, lake products are transported farther downstream. Thus, the extent of the influence of
the lake on seston composition expands and contracts longitudinally with increases and decreases
in discharge.
Key words: lake outlet stream, seston, discharge, POC, bacteria, chlorophyll a.

ments increase (Richardson 1984). These studies

A lake interrupts a stream's longitudinal patterns of organic carbon processing. As a point

suggest that high quantity and quality of seston
exported from the lake are among the factors
contributing to high densities of filter feeders
in the outlet. However, it is not understood how

source of suspended organic carbon (seston),
the lake imposes on the outlet stream its own
patterns of organic carbon production. The influence of the lake on the composition of the

downstream transport of lake products varies
seasonally and what factors influence this varifrom the lake, while the influences of stream
ability. If lake exports and seston quality are
and terrestrial processes are expected to in-influencing the distribution of benthic filter
crease. At some point downstream, the influ- feeders, then seasonal patterns of longitudinal
ence of the lake on stream seston composition transport of lake products may be key to unand quantity should be undetectable.
derstanding the structure of lake outlet stream
Previous studies of the fate of lacustrine sescommunities. For instance, distributions of fil-

seston is expected to diminish with distance

ton in lake outlet streams have emphasized ter
its feeders may reflect periods of minimum
potential role in maintaining high densitiestransport
of
rather than ambient quantity or quality.
filter feeders immediately downstream from
Studies on non-outlet streams have demonlakes (see review by Richardson and Mackay

1991). Numbers of lacustrine zooplankton destrated that the relationships between physical
crease downstream from lakes (Ward 1975, Arprocesses and seston concentration are commitage and Capper 1976, Sandlund 1982, Voshplex. Discharge, channel roughness, availabilell and Parker 1985, Palmer and O'Keefe 1990),
ity of particulate organic matter in the stream

and so do diatoms (Maciolek and Tunzi 1968).
bed, and the rate and direction of change in

discharge all affect seston concentration (WebSimilarly, indices of food quality of seston such
ster et al. 1987). The role of abiotic factors afas chlorophyll a (Br6nmark and Malmqvist
fecting longitudinal patterns of seston trans1984), and protein (Valett and Stanford 1987,
port in lake outlet streams have not been
Kondratieff and Simmons 1984) decrease along
explicitly addressed, although patterns emerge
a longitudinal gradient, while inorganic sedifrom existing data. For example, downstream
persistence of zooplankton increases with inPresent address: Department of Biological Sciences, University of Notre Dame, Notre Dame, creasing
Indischarge (Ward 1975, Armitage and

diana 46556 USA

Capper 1976). Despite this, the discussion of
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discharge in lake outlets has focussed primarilyBecause I wanted to test for a logarithmic decline in concentration of lake products, samon a lake's tendency to damp changes in displing sites were clustered near the lake where
chargee to its outlet stream, thus stabilizing the
the greatest changes in concentration of seston
outlet environment (Richardson and Mackay
were expected to occur. Sites were
1991). However, discharge is a component components
of
located at the dam and at 50, 100, 200, 450, 1500,
stream power, which affects the physical ability

and 3000 m downstream from the dam. Because
of the stream to maintain particles in suspenof time limitations, it was not possible to measion (Leopold et al. 1964) and therefore may
sure discharge on sampling dates. Therefore, I
affect the distance which lake products are carried downstream.
placed a staff gauge at the 200-m site and developed a discharge rating curve. I measured
In this study I examined patterns of seston
current
velocity at 0.5-m intervals across the
transport in a lake outlet stream primarily
in
stream
with a Gurley Pygmy current meter at
the context of seasonal changes in discharge.
I

measured both total seston and two indices of

0.6x depth and multiplied by cross sectional
areaTo
to calculate discharge. Discharges used to
seston quality, chlorophyll a and bacteria.
the rating curve ranged from 0.1 m3/s
distinguish between algae exported from develop
the
lake and periphyton sloughed from the stream,
to 5.2 m3/s and the regression was significant
I identified algae in the seston on two dates.
(r2 = 0.97, p < 0.005). On three dates discharge
was measured at both 200 m and 3000 m to
The study was designed to measure these
changes within short distances of the lake, assess
over whether discharge changed over the
reach. Differences in upstream-downstream
which rapid declines in filter feeders at the study
site are known to occur (Sheldon and Oswood
discharge measurements were compared with
differences in multiple within-site measure1977, Oswood 1979). Longitudinal and seasonal
ments at 200 m.
changes in seston concentration and composition were monitored over 14 mo in a 3-km reach
At all seven sites, organic carbon, bacteria,
and/or chlorophyll a were sampled on eight
of a lake outlet stream. Because a power function has been shown to describe the down-

dates between November 1984 and January 1986
stream decline in filter feeders densities
(Shel(Table
1). Sample dates were chosen to include
don and Oswood 1977) and biomass (Br6nmark
spring and fall high-discharge events, and midwinter
and mid-summer low flows. All samples
and Malmqvist 1984), I tested each seston
comweredate.
grab samples collected in the thalweg over
ponent for fit to a power function on each
the entire depth of the water column. I collected
samples at the upstream end of a riffle within
Methods

each site to minimize the effects of differences

in stream morphology on measured seston concentrations among sample sites. A mixture of
ha mesotrophic lake in western Montana (eledepositional and erosional sites might have
vation 1255 m). Placid Lake empties into a wide,
confounded downstream changes in seston, and
I was
slowly flowing channel 1 km long that forms
a not interested in these smaller-scale
narrow extension of the lake. At the end of the
changes in seston.
channel is a 1.5-m-high dam which forms Ia collected organic carbon samples (n = 2 pe
functional boundary between lentic and lotic
site) in acid-washed 300-mL glass BOD bottle
Owl Creek is the outlet of Placid Lake a 400-

habitats. The dam is constructed mainly Samples
of
were fixed immediately in the fie

with sulfuric acid and stored at 4?C until anawooden planks. As well as flowing over the top
of the dam, water flows out between the planks
lyzed. Two aliquots from each sample of paralong the length of the dam. Owl Creek extends
ticulate organic carbon (POC) were filtered onto
5 km from the dam to where it enters the Clearpre-ashed 0.45-/Am glass fiber filters (Gelman
water River. The average gradient is 1.5%. The
A/E). Each filter was sealed in a pre-ashed 10study was limited to the first 3 km of Owl Creek,
mL glass ampule with 10 mL of carbon-free wabecause it is a relatively uniform reach, with ter and an oxidizing agent (potassium persulcobble substrate and no tributaries. Riparian
fate). For dissolved organic carbon (DOC) two
vegetation is similar throughout the reach and
10-mL aliquots of the filtrate from each sample
consists of a mix of willow, alder, and pine. were sealed in pre-ashed glass ampules with
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potassium persulfate. All ampules were auto-TABLE 1. Discharge and seston components sampled on each date. POC = particulate organic carbon,
claved to convert the organic carbon to CO2.

POC or DOC was measured as evolved CO2 on

DOC = dissolved organic carbon, Algae = taxonomic

identification of algae.

an Oceanography International TOC analyzer

(Menzel and Vaccaro 1964).

Dis-

Bacteria samples (n = 2 or 3 per site) were
collected in acid-washed 30-mL Nalgene? bot-

tles and fixed in the field to a final concentration

charge

Sample date (m3/s) Variables sampled
26 Nov. 1984 0.20 POC, DOC, Chlorophyll a

of 2% formaldehyde. I separately counted bac-3 Mar. 1985 0.42 POC, DOC, Chlorophyll a,
teria that were unattached and attached to parBacteria
ticles, using the acridine orange method (Hob-14 Apr. 1985 6.48 POC, DOC, Bacteria
bie et al. 1977).
5 May 1985 6.01 POC, DOC, Chlorophyll a
Each chlorophyll a sample (n = 3 per site)21 June 1985 1.26 POC, DOC, Chlorophyll a
consisted of 1-3 L of water collected in plastic14 July 1985 0.34 Bacteria, Algae
24 Sep. 1985 2.17 Bacteria, Algae
bottles. Immediately upon reaching the lab,
18 Jan. 1986 0.82 POC, DOC, Chlorophyll a,
samples were filtered through glass fiber filters
(Whatman GF/C, 1.2-,um nominal pore size) and
analyzed according to the methanol extraction
method of Holm-Hansen and Riemann (1978).

Bacteria

Chlorophyll a concentrations were not mea-is that there is little or no change in seston

sured on the sampling dates in July and Sep- concentration as water travels through the pool.
tember, 1985. Instead, 1-L samples were col- A positive value of b indicates a downstream
lected at the dam and 100, 450, and 3000 m
increase in concentration while a negative val-

downstream from the dam, and fixed with Lu-

gol's solution for algal cell counts. Aliquots of
each sample were filtered onto a membrane filter (Millipore HA, 0.45-,um pore size) for counting. Algae were identified to genus or species
using the taxonomic keys of Patrick and Riemer
(1966), Prescott (1982), and Smith (1950).

ue indicates a downstream decrease. The ab-

solute value of b indicates the rapidity of this
change. To test whether there was a relationship between discharge and the rate and direction of downstream changes in seston components, I regressed the b values for POC, bacteria

and chlorophyll a on the natural log of disFor each date, a power function (C = aDb, charge. I included b values from regressions fo

where C = concentration of a given variable, D which there was no significant difference among
= distance downstream from the lake, and a and

b are constants) was tested for fit to downstream

sites (i.e., b was not significantly different from

zero). Because the b values were derived from
changes in each variable. Means of within-site three sources (POC, bacteria, and chlorophyll
values for each variable were regressed on dis- a), the initial regression was a stepwise multipl
tance using SYSTAT statistical software. Be- regression. The independent variables were th
cause I identified algae in the seston at only 4 natural log of discharge and a dummy variable
sites, I did not test for fit to a power function coding for POC, bacteria, or chlorophyll a.
but instead tested for downstream change using
Spearman's rank correlation coefficient.

A power function predicts infinite seston

concentrations at a distance of zero. This necessitated a transformation of the distance value

Results

Discharge and seston concentration

for the first site from 0 m to some positive num-Discharge in Owl Creek is strongly influ-

enced by spring snowmelt (Fig. 1). Downstream
ber. Directly below the dam Owl Creek opens
changes in seston concentrations could poteninto a wide, deep pool that extends 20 m downtially be driven by longitudinal changes in disstream. The pool is more similar to the habitat
charge due to influx of ground water or tribuabove the dam than to any downstream habitat
taries. However, Owl Creek has no tributaries.
in the study reach. In the analysis the distance
On the three dates for which measurements at
value for the upstream site was reassigned from
both upstream and downstream sites were made,
0 to 20 m, the start of typical stream habitat.
there was no significant downstream change in
The inherent assumption in this manipulation
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Other benthic diatoms increased significantly
the data, where C = concentration, and D = distance.
downstream (Table 2).
* p < 0.05, *** p < 0.001, ns = not significant.
Use of power functions and their correlation with
discharge

A power function significantly fit the data for
50% of the data sets (Figs. 2-4). However, a lack

of significant fit could result either from lack
of downstream change in the variable (i.e., the
exponent b = 0) or from the downstream changes
not being adquately described by a power func-
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TABLE 2. Changes in taxonomic composition of algae in the seston downstream from the dam during
summer low flow (July) and during the fall secondary discharge peak (September) in 1985. Anabaena sp. and
Chroomonas sp. are lake algae. Cocconeis placentula and other benthic diatoms are benthic stream algae.

~Distance
Distance

Algal cell concentration (thousands/L)

Discharge from lake Chroomonas Cocconeis Other benthic
Date (m3/s) (m) Anabaena sp. sp. placentula diatoms

July

0.34

20

100

450

149

53.6

135

61.0

3000

9.17

132

5.50

102
26.8

10.8

44.3
123

1.50
1.77

5.27
33.3

Spearman's rank correla- -0.8 -1.0 1 1
tion coefficient (r,) p < 0.05 p < 0.05 p < 0.05 p < 0.05
September 2.2 20 1090 78.1 11.2 1.70
100

1310

60.5

12.6

2.67

450

1180

74.0

7.79

3.01

65.5

21.8

3000

1220

14.8

Spearman's rank correla- 0.4 -0.4 0.4 1
tion

coefficient

(r)

ns

ns

ns

p

<

0.05

the stream
to suspend more
and larger particl
Factors other than
discharge
might
exp
also increases
(Leopold et al. 1964).
This
pushes
some of the remaining
variation
in
the
nitude of b. If initial concentrations of POC are
the dynamic between retention and transport
similar to the concentration that can remain sus-

towards transport. In May the POC exporte

from the lake was augmented downstream, as
pended in the stream at that discharge, downwas chlorophyll a. In contrast, at discharge
stream changes in concentration will be minilower than 1 m3/s, b tends to be negative, in
mal. Conversely, if the initial concentration of
any component is much higher or lower thandicating that seston is being retained in the stud

reach. Several mechanisms may explain th
what can eventually be maintained by the

pattern. As the stream loses power, resuspenstream, the absolute value of b will be relatively
sion of particles from the benthos decreases an
large, or lake products will be carried a greater
distance downstream. This is seen in the relasedimentation increases. Mean depth decreases
decreasing
water volume per unit surface are
tionship between the value of b for bacteria
in
of stream bottom. This increases the probabilit
March, July, and January. As initial concentration increases, the absolute value of b increases.
that a particle in transport will encounter bio
logical or physical retention mechanisms a
Similarly in March very high initial concentrasociated with the stream bed. In November, at
tions of chlorophyll a resulted in a marked

very
downstream decrease. In March, chlorophyll
a low flow, POC concentrations dropped

concentrations exported from the lake rapidly
were downstream from the lake. Whether this
twenty times higher than concentrations mainreduction in POC concentration is typical of
Owl
Creek at low flow is difficult to ascertain.
tained in the stream throughout the rest of
the
year. This is similar to the findings of Br6nmark
The only flows similar to November occurred
and Malmqvist (1984) who detected significant
in July, and POC data were not obtained on this
decreases in chlorophyll a below a lake date.
onlyHowever, even if total seston concentra-

tions do not decline downstream, retention
when concentrations exceeded 30 ug/L.
mechanisms affect seston composition at flows
The positive correlation between b and disbelow 1 m3/s. This can be seen in the longicharge may represent variation in the relative
influence of retention versus entrainment
tudinal declines in bacteria in March, July, and
January
and in the declines in chlorophyll a in
mechanisms in the stream. As discharge
(and
March and
hence stream power) increases, the ability
of lake algae in July.
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